We describe a case of a patient with recurrent syncopal episodes that ultimately was discovered to be due to ictal bradycardia caused by temporal lobe epilepsy. A diagnostic dilemma was presented by a 55-year-old male who had recurrent syncopal events despite having an atrial pacemaker. The patient was noted to have automatisms and was diagnosed via electrocardiogram/ electroencephalogram (EEG/ECG) co-registration to have ictal bradycardia and atrioventricular (AV) block leading to syncope. He was successfully managed with seizure control with the use of levetiracetam. Ictal bradycardia and AV block are uncommon manifestations of epilepsy and can progress to complete heart block and asystole. Diagnosis is best performed with simultaneous ECG and EEG recordings. Definitive management is seizure control with the use of antiepileptic drugs, with the question of pacemaker placement still up for debate.
INTRODUCTION
Epilepsy is the most common serious neurologic disease seen in 3% of the world's population. Sudden unexpected death in epilepsy (SUDEP) accounts for 8 -17% of the deaths in epilepsy patients [1] . Autonomic alterations during seizures are associated with a variety of cardiac manifestations that have been postulated to be some of the underlying mechanisms for SUDEP. These manifestations include change in heart rate variability, ictal tachycardias, ictal bradycardia, atrioventricular (AV) block and asystole. Ictal bradycardia is an uncommon presentation and peri-ictal AV conduction block has been rarely reported [2] . Here we describe a patient with recurrent syncopal episodes, diagnosed to have ictal bradycardia and peri-ictal AV block via electrocardiogram/electroencephalogram (EEG/ECG) co-registration.
CASE REPORT
A 55-year-old right-handed male presented to the emergency department after a syncopal episode. He was teaching a karate class when a coworker saw him fall to the ground. He spontaneously regained consciousness after a few seconds but was confused for 15 -20 min. He had no recollection of the event, and was hemodynamically stable and neurologically intact. He denied illicit drug use. Vitals, physical examination and laboratory studies were within normal limits. ECG showed normal sinus rhythm with normal PR and QT intervals and no ST-T wave changes. He was on no AV blocking agents. Head CT showed no intracranial bleed or mass lesion.
He had a history of five similar episodes in the past. During the last episode, he had been noted to have sinus arrest on telemetry and underwent single atrial lead pacemaker placement. The pacemaker was programmed to AAI mode. AV conduction was tested and was normal. Coronary angiogram showed no evidence of coronary artery disease. EEG had been minimally abnormal with left temporal theta slowing, suggestive of an area of neurophysiologic dysfunction, but no epileptiform activity was noted. He had no history of febrile seizures, central nervous system infection or cranial trauma.
The patient was admitted for further work up. Continuous EEG monitoring was ordered to evaluate for seizure activity. At 7 min and 36 s, the patient started to have recurrent automatisms and became unresponsive, with the EEG showing complex partial seizure activity emanating from the left anterior temporal region with continued post-ictal right temporal delta slowing. The seizure lasted 1 min. The simultaneous ECG lead demonstrated heart rate slowing toward the end of # The Author 2014. Published by Oxford University Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:// creativecommons.org/licenses/by-nc/3.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com the seizure episode, with the rhythm changing from sinus to atrially paced at 60 beats min 21 with 1:1 conduction, to atrially paced with 2:1 AV block, followed by complete heart block for 4 s, followed by resumption of the baseline atrially paced rhythm with 1:1 conduction (Fig. 1) .
Cardiac electrophysiology recommended treating the seizure episodes before considering upgrade of the pacemaker to a dual-chamber device. The patient was started and subsequently discharged on levetiracetam. More than 15 months later, he has had no seizures or syncopal events. 
DISCUSSION
Cardiac arrhythmias are frequently associated with epileptiform seizures. The most frequent cardiac arrhythmia seen during epileptic seizures is sinus tachycardia that occurs in .90% of seizures and is usually of no consequence. Patients with bradycardia and asystole during an epileptic seizure are defined to have ictal bradycardia syndrome [3] which could potentially also include AV block. Ictal bradycardia is considered a rare event that affects ,5% of epilepsy patients, while associated asystolic episodes occur less frequently (0.3 -0.4%) [4] . However, the incidence of the syndrome may actually be underestimated. Rugg-Gunn et al. [5] demonstrated a much higher incidence of ictal bradycardia (35%) and ictal asystole (16%) by using implantable loop recorders in 19 patients with refractory partial seizures.
Ictal bradycardia and bradyarrhythmia are thought to be caused by an increase in parasympathetic activity or disruption of sympathetic activity resulting from propagative ictal activity in the respective autonomic cortical or subcortical networks [1] . Epileptic stimulation may also affect the heart by direct neural pathways. Cardiac rhythm analysis in our case reveals a progressive decrease in heart rate from normal sinus rhythm to an atrial paced rhythm with subsequent development of AV block. This pattern is highly suggestive of increased vagal activation.
Ictal bradycardia syndrome is reported in association with complex partial seizures involving the temporal lobe, and secondarily the frontal lobe with direct or indirect participation from the insular cortex [6] . Some studies have shown that left hemispheric stimulation leads to bradycardia and right stimulation leads to tachycardia. However, more recent studies have demonstrated a less evident lateralization of cardiovascular effects and seizures may increase or decrease heart rate independent of the side of the epileptiform focus [4] .
The gold standard for diagnosis of ictal bradyarrhythmias is simultaneous ECG and video EEG documentation of bradyarrhythmia during an ictal discharge. Ictal bradyarrhythmia usually starts 10 -30 s after the seizure onset and apparently after the seizure discharges become bilateral [6] . This feature could help in differentiating epilepsy-induced bradycardia/ asystole from convulsive syncope caused by a circulatory disturbance leading to cerebral hypoperfusion. Convulsive syncope always precedes the EEG abnormalities in the EEG/ ECG co-registration. The EEG slowing and flattening in convulsive syncope appears after a few seconds and no evidence of ictal EEG activity is found [7] .
The undesirable cardiac effects of epilepsy can best be avoided by complete seizure control. However, antiepileptic therapy may also alter autonomic function or produce proarrhythmic effects. Cardiac monitoring using Holter monitor, event monitor and loop recorders is suggested in high-risk epilepsy patients to monitor and treat potential cardiac arrhythmias. However, there are currently no guidelines on who should undergo further cardiovascular investigations. Since antiepileptic drugs may not control seizures in 37% of patients with epilepsy [8] , some advocate dual-chamber pacemaker placement to prevent bradyarrhythmias and potentially SUDEP. Seizure-related falls, fractures and motor vehicle accidents were shown to be reduced following pacemaker implantation in patients with ictal asystole [9] . However, the effect of pacemaker implantation on mortality in this population has not yet been determined and its role in patients with ictal bradyarrhythmias is still controversial [10] . The patient in our case was started on levetiracetam and has had no recurrent events after more than 15 months into the treatment.
